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A non-parametric method of data envelopment analysis (DEA) was applied to analyze the
technical and scale efficiency of potato production in 23 Iranian provinces. In many real
applications, inputs and outputs may be imprecise. In the present study, a robust DEA
(RDEA) optimization framework was used to concentrate on DEA with uncertain data.
The method was based on six inputs (human labor rent, land rent, diesel and machinery
rent, irrigation water cost, fertilizer cost, pesticide cost) and the single output of potato
gross return. The proposed DEA for 23 Iranian potato-producing provinces reveals that
the average technical efficiency is 90% and scale efficiency is 97%. This suggests that inef-
ficient provinces can potentially reduce their overall costs for potato production. A Monte
Carlo simulation was used to compute the conformity of the rankings from the RDEA
model with reality to illustrate the importance of varying the level of efficiency for different
levels of conservatism.
 2015 China Agricultural University. Production and hosting by Elsevier B.V. All rights
reserved.1. Introduction
Potatoes are common human staples. They are grown in over
100 countries and are one of the most popular agricultural
crops. Although this crop is fairly adaptable and can be grown
in many regions, it requires care at all stages of growth and
harvest. Since potatoes play a key role in the food security of
Iranian households, recent governmental economic policies
have increased attention on these agricultural products [1].
Increasing agricultural productivity is a long term policy
objective in most countries. Achieving growth of productivity
requires technological innovation, the more efficient use ofproduction technologies or a combination of both [2].
Efficiency in production is a way to ensure that products are
produced in the best and most profitable manner.
Several techniques can be used to evaluate decision-
making units (DMUs) with a restricted multiplier. Data envel-
opment analysis (DEA) is a non-parametric mathematical
programming technique in whichmultiple inputs and outputs
are used tomeasure the relative efficiencies of DMUs [3,4]. The
original DEA model was proposed by Charnes et al. [5].
Researchers have used DEA for crop production [6,7]. Mous-
avi-Avval et al. [8] employed DEA to analyze the efficiency of
appleproducers inTehranprovince in Iran.There aremany ref-
erences regarding energy input and output rates for various
agricultural crops in Iran [9–11].Mousavi-Avval et al. [12] inves-
tigated the effect of optimization of energy to improve input
costs and energy indices for soybean production.
Although DEA is a powerful tool to measure efficiency,
some restrictions must be considered. One important restric-
tion involves the sensitivity of DEA to the specific data under
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output data do not deviate. This is rarely the case in real-life
problems because much of the input and output data can be
imprecise or vague and, as such, contribute to error.
In recent years, fuzzy set theory has been proposed as a
way to quantify imprecise and vague data [13–15]. DEA has
been combined with fuzzy scoring to identify both optimistic
and pessimistic sets of efficient solutions [16]. Houshyar et al.
[17] employed fuzzy modeling and DEA to evaluate the sus-
tainability and efficiency of corn production with regard to
energy consumption in Fars province in southwest Iran. In
their method, some of the information on uncertainty and
the distribution function of coefficients are ignored.
Fuzzy linear programming requires a method that ranks
fuzzy sets, but using different fuzzy ranking methods may
produce different results [18]. Efforts to mix a non-parametric
method with stochastic variation in which multiple inputs
and outputs have been biased by parametric assumptions
about the distributional form of stochastic data required by
the model [19,20]. Recent techniques generate the best
approximations for a given underlying distribution of random
parameters [21–24].
Skevas et al. [25] applied a DEA risk-adjusted efficiency
approach to evaluate the efficiency of Dutch arable farming.
The random data were assumed to follow a normal distribu-
tion. This choice pertains to simplifications provided from a
computational stance and is not well suited to real life prob-
lems. Interval DEA (IDEA) is another approach to deal with
uncertainty that was first proposed by Cooper et al. [26].
Karimi et al. [27] applied IDEA to analyze the efficiency of
wheat production in eight Iranian provinces. The results
showed that Fars province had the most and Kurdistan prov-
ince had the least technical efficiency of the eight provinces.
One difficulty to IDEA is the evaluation of the lower and upper
bounds of the relative efficiencies of the DMUs.
Oneway to dealwith uncertainty is to conduct an efficiency
analysis of DMUs that is robust and can identify imprecise data
changes. A more recent approach is robust optimization,
which computes feasible solutions for a range of scenarios
with uncertain parameters and optimizes an objective
function in a controlled and balanced manner in response to
uncertainty in the parameters [28]. Robust DEA (RDEA) is a
non-linear programming technique tomeasure efficiency that
deals with data uncertainty uses the interval approach [29].
This method is based on the robust optimization proposed
by Bertsimas et al. [27] and Ben-Tal and Nemirovski [30,31].
The present study applied DEA to benchmarks and ranked
the technical efficiency of potato production in 23 Iranian
provinces based on six important inputs (human labor cost,
land rent, diesel and machinery rent, irrigation water cost,
fertilizer cost, and pesticide cost) and the gross return for
potatoes as the output. The potato was selected because of
its unique position in the national economy. It generates
employment and food security for the majority of Iranians.
RDEA was used to account for uncertainty in the analysis.
This method, unlike stochastic and fuzzy DEA, does not
assume that uncertain parameters are random variables with
known distributions. Unlike the interval approach, in RDEA,
the relative efficiencies of the DMUs have no lower or upper
bounds to complicate ranking of DMUs.Section 2 provides the background of the mathematical
details of the original DEA and the RDEA. Section 3 gives the
definition and sources of the data used. The empirical results
of the analysis are presented and discussed in Section 4.
Section 5 concludes the paper.
2. Case study and data collection
This study utilized data selected from 23 potato-producing
provinces of Iran. The data for planning year 2010–2011 were
collected from the following agricultural planning units: dis-
trict statistical yearbook of the Department of Regional Plan-
ning and Development, Jehad-e Keshavarzi Organization, and
the Iranian Ministry of Energy [32–34]. The required data is
listed in Table 1 and clearly shows the variation between
input cost and output return for each DMU. For example, land
rent is $2802 per ha in Fars and $439 per ha in Semnan. This
variation in input level suggests poor resource management
by producers at some levels. This variation highlights the
potential for improvement of economic efficiency in potato-
producing provinces of Iran.
3. DEA and RDEA models
3.1. Charnes–Cooper–Rhodes model
In the Charnes–Cooper–Rhodes (CCR) model, the efficiency of
an evaluated entity is the ratio of its weighted output to its
weighted input where the ratio for each entity is not greater
than 1. Assume that there are nDMUs,m inputs, and s outputs.
Suppose xij (i = 1, . . .,m, j = 1, . . ., n) is the quantity of input i
consumed by DMUj and yrj (r = 1, . . ., s, j = 1, . . ., n) is the
quantity of output r produced by DMUj. The original CCR
model measured efficiency of DMUo where index o is the
DMU evaluated as follows (technical efficiency) [5]:
max ho ¼
Xs
r¼1
uryro;
subject to
Xm
i¼1
vixio ¼ 1;
Ps
r¼1uryrj 
Pm
i¼1vixij 6 0; 8j;
ur;vi P 0 8r; i:
ð1Þ
where ho is obtained using superior inputs and outputs of
DMUo by maximizing the objective function in Eq. (1) with
respect to the weight variables. Using the first two constraints
in Eq. (1), the ho of DMUo is (0, 1). Adding w to (
Ps
r¼1uryro þw)
and constraint (
Ps
r¼1uryrj 
Pm
i¼1vixij þw 6 0) of Eq. (1) relaxes
the CRS restriction and envelopes the data more closely than
does CRS technology. Technical efficiency is a relative mea-
sure of efficiency under a less restrictive variable for returns
to scale technology by the addition of variable w. This model
is known as the BCC model [35].3.2. Interval DEA models
This section introduces the basic concepts of a DEA model
with imprecise data. For interval DEA models, assume that
all input and output data cannot be exactly obtained because
Table 1 – Inputs cost and output return of 23 potato-producing provinces in Iran used for decision-making units (DMUs).
Provinces Input and output values (in ’00 $ per hectares)
Output
Gross return
Input
Land
rent
Pesticides
cost
Fertilizers
cost
Irrigation
water cost
Human
labor rent
Diesel and
machinery rent
Eastern Azarbayjan 8.48 33.23 4.50 4.98 11.10 80.82 46.71
Western Azarbayjan 46.37 19.12 0.88 1.68 3.19 20.72 9.65
Ardebil 77.48 22.50 1.42 1.10 6.98 15.05 10.08
Esfahan 65.43 11.43 1.42 3.29 9.52 56.49 17.26
Tehran 89.10 19.73 1.13 1.62 4.34 21.97 11.80
Chaharmahal 131.90 17.13 0.88 1.54 2.80 4.96 31.50
Southern Khorasan 62.08 1.67 0.20 0.65 12.00 82.84 11.90
Razavi Khorasan 76.42 1.83 1.30 1.20 8.03 54.20 8.74
Northern Khorasan 12.79 7.91 1.20 1.75 15.03 12.37 16.20
Khozestan 91.26 8.67 0.80 3.06 2.60 13.50 9.37
Zanjan 75.00 10.70 0.80 1.51 7.43 28.27 10.68
Semnan 85.17 4.39 1.23 4.21 3.10 28.42 7.71
Fars 60.29 28.02 3.74 3.74 10.31 40.84 18.17
Ghazvin 68.15 6.15 0.65 0.80 2.04 37.39 12.08
Golestan 95.59 16.46 0.68 2.10 2.03 25.18 7.10
Lorestan 65.01 8.73 0.87 4.02 0.70 18.82 31.49
Mazandaran 13.48 15.80 2.12 2.80 4.00 32.25 18.53
Markazi 112.72 3.88 0.78 1.00 5.56 9.99 12.47
Hamedan 67.85 10.39 1.61 1.49 16.88 31.28 17.67
Yazd 128.76 4.27 0.00 1.20 5.05 57.68 14.86
Kordestan 118.55 17.42 1.26 1.12 8.00 10.21 8.60
Kerman 19.92 13.57 1.10 1.35 3.10 32.28 11.19
Kermanshah 65.23 4.31 0.30 0.90 1.20 11.20 15.38
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lower bounds represented by intervals xij 2 ½xLij; xUij  and
yrj 2 ½yLrj; yUrj, respectively. The following pair of linear pro-
gramming models was proposed by Banker et al. [35] to mea-
sure the upper and lower bounds of the efficiency of DMUo:
max hUo ¼
Xs
r¼1
uryUro
subject to
Xm
i¼1
vixLio ¼ 1;
Xs
r¼1
uryUrj 
Xm
i¼1
vixLij 6 0; 8j;
ur; vi P 0 8r; i:
ð2Þ
max hLo ¼
Xs
r¼1
uryLro
subject to
Xm
i¼1
vixUio ¼ 1;
Xs
r¼1
uryLrj 
Xm
i¼1
vixUij 6 0; 8j;
ur; vi P 0 8r; i:
ð3Þ
Eqs. (2) and (3) show that ho 2 ½hLo; hUo .
3.3. Data uncertainty and RDEA model
Suppose that elements in matrix A are subject to uncertainty.
If Ji is a set of coefficients in row i for matrix A, then aij, j2Ji is
verified as symmetric and bound random variable a˜ij as fol-
lows [30]:~aij ¼ ð1þ egijÞaij ð4Þ
where e > 0 is a given uncertainty level and aij is the nominal
(mean) value of the uncertain data, gij is the symmetric (but
not necessarily uniform) random variable in [1, 1]. Element
a˜ij takes the value [aij  eaij, aij + eaij].
Suppose that a˜ij varies in most eaij with respect to nominal
value aij. The uncertainty set is specified by Bertsimas and
Sim [28]:
W ¼ ð~aijÞ ~aij ¼ aij þ eaijgij; 8i; j; g 2 U

n o
ð5Þ
where
U ¼ g jgijj 6 1; 8i; j;
Xn
j¼1
jgijj 6 Ci; 8i

8<
:
9=
; ð6Þ
Z ¼ fgjjgijj 6 1; 8i; j
Pn
j¼1jgijj 6 Ci; 8i where gij is the scaled
deviation of parameter a˜ij that is a symmetric random vari-
able in [1, 1].
Bertsimas and Sim [28] introduced a gamma parameter for
each constraint i (Ci) that is not necessarily an integer and
takes the value [0,|Ji|] where |Ji| is the uncertain data in
constraint i. Ci is the budget of uncertainty that controls the
degree of conservatism. Assume that J xj and J
y
j are the index
sets of imprecise input and output values, respectively. The
number of uncertain parameters in each constraint form
the upper bounds of parameter C; thus, the ranges for param-
eters Cy1 , C
x
2 , and C
xy
3 are ½0; J y1 , ½0; J x2 , and ½0; Jxy3 , respectively.
Furthermore, Cxy3 2 ½0; jJ y1 j þ jJ x2 j because C y1 and C x2 indicate
the level of conservatism of the inputs and outputs for the
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Bertsimas and Sim [28], the non-linear RDEA model formu-
lated by Shokouhi et al. [29] becomes:
Max ho ¼
Xs
r¼1
uryUrozoCy1 
Xs
r¼1
pro
Subject to
Xm
i¼1
vixLioþzoCx1 þ
Xm
i¼1
qio ¼ 1
Xs
r¼1
uryLrj
Xm
i¼1
vixUij þzjCxy3 þ
Xs
r¼1
prjþ
Xm
i¼1
qij60 8j
zjþprjPurðyUrjyLrjÞ 8r; j
zjþqijP viðxUij xLijÞ 8i; j
Cx1 þCy1 ¼Cxy3 ;
ho61;
Cy1 6 s;
Cx1 6m;
ur;viP0; 8i;r
zj;prj;qijP0 8i; j;r
ð7Þ
where zj;prj, and qij are additional variables for each con-
straint of the robust problem. Note that when Cxy3 ¼ 0 the
most value is allocated to zj and zero value is allocated to
prj;qij and RDEA (Eq. (7)) is equivalent to the original DEA
model (Eq. (1)). It is reasonable for zj, prj, and qij to have no
effect on Eq. (7). When Cxy3 2 ½0; jJxy3 j, a tradeoff exists between
the level of constraint protection and the degree of conserva-
tism. As seen, this approach has no difficulty evaluating the
lower and upper bounds of the relative efficiencies of the
DMUs with respect to the interval approach (Eqs. (2) and (3)).
3.4. Conformity analysis using Monte Carlo simulation
The Monte Carlo simulation was used to test the quality of
the RDEA model using 1000 random numbers generated for
each DMU input and output [29]. All steps taken to evaluate
the RDEA model using the Monte Carlo simulation are shown
in Fig. 1. Step 1 was to run the RDEA model (Eq. (7)) to obtainFig. 1 – The steps of Monte Carlo simulation used for test the
quality of the RDEA model.overall rankings for the DMUs for the levels of conservatism
(Cxy3 ). Step 2 generated 1000 random numbers in the ranges
of ½xLij; xUij  and ½yLrj; yUrj for each DMU. Step 3 obtained the opti-
mal weights (ur and vi) from Step 1. The efficiencies of the
DMUs were then recalculated using the optimal weights and
the random numbers generated in Step 1 using
ho ¼
Ps
r¼1uryro=
Pm
i¼1mixio.
Next, the DMUs were ranked for each simulation run
according to the new efficiencies obtained in Step 3. Step 4
obtained the average conformity of the rankings of the DMUs
in Step 1 and the simulations run in Step 3 for different values
of Cxy3 . For example, when DMU1 was ranked first in the origi-
nal data (Step 1) and random data (Step 3), a value of 1 was
assigned to the simulation run, otherwise 0 was assigned.
The percentage of cases that achieved conformity for each
DMU and for each P was then recorded. If conformity of the
DMU 1 was 0.9 (90%) for a given P, it was determined that in
900 out of 1000 simulation runs, DMU 1 placed first in both
rankings.
The nonlinear problem (Eq. (7); Step 1) was solved using
the GAMS/BARON global optimization solver [36]. Random
numbers were generated using EasyFit Excel add-in software
(Step 2) that easily and quickly selected the distribution that
best fit the data. Other calculationswere also performed using
Excel (Steps 3 and 4).
4. Results and discussion
Eq. (4) provides the upper and lower bounds of the data for
each input and output and are presented in Tables 2 and 3,
respectively. These tables showed wide variation between
the lower and upper bound input costs and output return.
For example, the upper and lower bound of gross return for
West Azerbaijan are $11110 and $4530 per ha, respectively.
This large variation is the basis of the RDEA model used in
this study.
To show the effect of robustness on the ranking of DMUs
(provinces of Iran), the RDEA model was optimized for degree
of conservatism (Cxy3 ) from 0 (CCR and BCC model) to 7 (most
conservative). Table 4 shows the technical and scale efficiency
of the corresponding DMUs for the CCR (or BCC) model (all
Cxy3 ¼ 0) and robust problems. The average level of technical
efficiency for the provinces was not 100% in all scenarios
(degree of conservatism). This means that, in principle, prov-
inces can potentially decrease their overall cost of potato pro-
duction (or increase technical efficiency). Increasing the
technical efficiency decreases input usage and increases gross
return, which is the driving force for producer motivation to
adopt new techniques. Improvements in the irrigation effi-
ciency and promotion of targeted application of fertilizers,
pesticides, and machinery can have significant effects on
the efficiency of potato production in a currently inefficient
province such as Kerman. Employment of more productive
cultivars and more intense crop management can increase
outputs and increase efficiency in inefficient provinces.
The table also shows how technical and scale efficiency
decreased as the level of conservatism of the solution
increased. The average technical (0.9) and scale (0.97)
efficiency for the 23 potato-producing provinces of Iran is
Table 2 – Upper bounds of inputs cost and output return of 23 potato-producing provinces in Iran.
Provinces Input and output (in ’00 $ per hectares)
(Upper bound)
Output
Gross return
Input
Land
rent
Pesticides
cost
Fertilizers
cost
Irrigation
water cost
Human
labor rent
Diesel and
machinery rent
Eastern Azarbayjan 10.9 33.4 4.7 5.1 18.1 82 66.6
Western Azarbayjan 111.1 19.5 1 1.8 3.5 31.3 13.5
Ardebil 94.3 22.6 1.1 1.3 7.9 16.6 15.3
Esfahan 95.5 12.7 1.5 3.8 11.5 58.2 18
Tehran 135 24.1 1.7 2.2 8.2 29.4 16.3
Chaharmahal 134 17.3 1 1.8 3.7 7.2 32.5
Southern Khorasan 66 9.5 0.2 0.8 13.7 85.9 14.8
Razavi Khorasan 107.9 5.5 1.4 1.7 10.6 54.9 14.3
Northern Khorasan 13.6 10.5 1.5 2 22.8 56.7 17.8
Khozestan 152.1 9.7 1 3.1 3.1 13.9 13.7
Zanjan 80.7 11.8 0.9 2.1 10.6 49.5 17.8
Semnan 87.8 4 1.4 4.3 5.3 33.9 11.3
Fars 61.4 29.2 3.9 4.6 10.9 42.7 19.2
Ghazvin 76.8 6.5 0.7 0.9 3.6 39.7 15.4
Golestan 99.1 17.7 0.8 2.2 2.2 26.3 9.8
Lorestan 121.1 35.5 0.9 5.2 0.9 29.4 33.8
Mazandaran 35.3 16.3 2.3 3 4.2 51.9 21.2
Markazi 120.6 4 0.8 1.1 9 19.4 13.5
Hamedan 108.4 12.8 1.7 2 19.1 52.7 27.1
Yazd 132 4.5 0 1.4 6.5 58.9 15.4
Kordestan 123.7 21.9 1.5 1.4 8.2 33.4 18.6
Kerman 20.3 17.7 1.3 1.5 3.3 38 12.8
Kermanshah 68.4 10.1 0.8 1 1.4 12.1 18.2
Table 3 – Lower bounds of inputs cost and output return of 23 potato-producing provinces in Iran.
Provinces Input and output (in ’00 $ per hectares)
(Lower bound)
Output
Gross return
Input
Land
rent
Pesticides
cost
Fertilizers
cost
Irrigation
water cost
Human
labor rent
Diesel and
machinery rent
Eastern Azarbayjan 3.4 29.4 4.26 4.45 4.45 77.94 25.52
Western Azarbayjan 45.3 18.3 0.9 1.4 1.4 14.6 5.7
Ardebil 25.9 22.5 0.2 0.1 6 14.3 0.6
Esfahan 5.5 8.1 0.1 0.8 4.8 3.6 16.2
Tehran 34.3 8.9 0.7 0.8 1.7 13.6 10.4
Chaharmahal 128.3 16.3 0.3 0.4 2.8 0.7 31.1
Southern Khorasan 14.7 0.9 0.1 0.2 11.8 80.9 11.7
Razavi Khorasan 39.4 1 1.3 0.8 4.1 48.2 6.3
Northern Khorasan 11.9 4.6 1.1 0.2 10.5 10.8 15.2
Khuzestan 88.3 0.2 0.3 1.3 2.5 12.2 1.1
Zanjan 75 7.6 0.7 0.7 1.2 13 4.4
Semnan 23.1 2.8 0.7 3.1 4.7 27.5 4.8
Fars 40.8 27 2.9 3.2 9.9 38.7 10.4
Ghazvin 5.4 4.3 0.3 0.8 1.5 7.2 9.1
Golestan 72.1 11.9 0.4 1.9 1.2 22 6
Lorestan 37.8 4.3 0.3 3.1 0.4 14.5 22.3
Mazandaran 11.8 12.2 2 2.4 3.3 31.2 12.4
Markazi 73.1 2.4 0.6 1 2.7 1 11.3
Hamedan 66.1 5 0.9 1 10.3 23.1 15.5
Yazd 82.9 2.1 0 0.1 1.4 51.7 3
Kordestan 86 16.5 0.1 0.6 6.2 4 6.1
Kerman 10.3 12.1 1 1.3 2.7 28.8 10
Kermanshah 49.9 1.9 0.2 0.9 1.1 8.1 12.4
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Table 4 – Technical and scale efficiency of robust data envelopment analysis by level of conservatism (gamma values) for 23
potato-producing provinces in Iran.
Provinces Technical efficiency (CCR model) Scale efficiency (BCC model)
Cxy3 ¼ 0 Cxy3 ¼ 2:5 Cxy3 ¼ 4:5 Cxy3 ¼ 7 Cxy3 ¼ 0 Cxy3 ¼ 2:5 Cxy3 ¼ 4:5 Cxy3 ¼ 7
Eastern Azarbayjan 0.07 0.03 0.03 0.03 0.49 0.30 0.25 0.25
Western Azarbayjan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ardebil 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Esfahan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tehran 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Chaharmahal 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Southern Khorasan 1.00 1.00 0.87 0.87 1.00 1.00 1.00 1.00
Razavi Khorasan 1.00 1.00 0.74 0.74 1.00 1.00 0.90 0.90
Northern Khorasan 1.00 0.22 0.20 0.20 1.00 1.00 1.00 1.00
Khuzestan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Zanjan 1.00 1.00 0.91 0.88 1.00 1.00 1.00 1.00
Semnan 1.00 0.55 0.34 0.29 1.00 0.70 0.50 0.47
Fars 0.80 0.18 0.14 0.14 0.94 0.32 0.29 0.29
Ghazvin 1.00 1.00 0.86 0.80 1.00 1.00 1.00 1.00
Golestan 1.00 1.00 0.91 0.91 1.00 1.00 1.00 1.00
Lorestan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mazandaran 0.44 0.18 0.15 0.14 0.96 0.55 0.44 0.43
Markazi 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hamedan 1.00 0.68 0.59 0.58 1.00 0.75 0.66 0.63
Yazd 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Kordestan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Kerman 0.35 0.13 0.11 0.10 1.00 0.71 0.55 0.52
Kermanshah 1.00 1.00 0.88 0.80 1.00 1.00 1.00 1.00
Average 0.90 0.78 0.73 0.72 0.97 0.88 0.85 0.85
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inefficient producers utilize their inputs more efficiently, sav-
ings in different sources is possible without any change in
technological practice. The analysis shows that the DMUs
for East Azerbaijan, Fars, Mazandaran, and Kerman did not
reflect good practice in the CCRmodel under certainty. Karimi
et al. [27] also reported lower average technical efficiency (0.7)
for wheat production in Iran; only Kurdestan province was
not totally efficient. In their study, Fars province had the
highest efficiency (1.0).
In the proposed method, if all gammas equal 0, then the
robust and original DEA models will be the same. At the 0,Fig. 2 – Technical and scale efficiency of 23 potato-producing pr
values).2.5, 4.5, and 7 levels of conservatism, the average level of
technical efficiency of the provinces were 0.90, 0.78, 0.73,
and 0.72, respectively. The measures of scale efficiency
provide evidence for the source of deviation from overall
cost-minimizing behavior. Fig. 2 shows that at 0, 2.5, 4.5,
and 7, the average level of scale efficiency for the provinces
is greater than that for technical efficiency (0.97, 0.88, 0.85,
and 0.85, respectively). Table 4 shows that East Azerbaijan,
Fars, Mazandaran, and Kerman provinces are inefficient in
potato production for all scenarios.
A comparison was made between the RDEA and IDEA
method proposed by Banker et al. [35] by calculating theovinces in Iran at different conservatism levels (gamma
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Tables 2 and 3. Despotis and Smirlis [37] proposed three clas-
sifications for interval efficiencies of the DMUs as follows:
Eþþ ¼ j 2 J hLj ¼ 1

n o
Eþ ¼ j 2 J hLj < 1 & hUj ¼ 1

n o
E ¼ j 2 J hUj < 1

n o
A DMU with classification E++ will have a low efficiency
score that is equal to one. A DMU with classification E+ will
have a low efficiency score of less than one and an upper effi-
ciency score equal to one. A DMU with classification E-will
have a low efficiency score of less than one.Table 5 – Technical and scale efficiency of interval data envelop
Lower bound of
technical
efficiency
Upper bound of
technical
efficiency
Class
Eastern Azarbayjan 0.01 0.03 E
Western Azarbayjan 0.17 1.00 E+
Ardebil 0.10 1.00 E+
Esfahan 0.01 1.00 E+
Tehran 0.10 1.00 E+
Chaharmahal 0.61 1.00 E+
Southern Khorasan 0.05 0.87 E
Razavi Khorasan 0.12 0.74 E
Northern Khorasan 0.03 0.20 E
Khozestan 0.43 1.00 E+
Zanjan 0.20 0.88 E
Semnan 0.06 0.29 E
Fars 0.07 0.14 E
Ghazvin 0.02 0.80 E
Golestan 0.39 0.91 E
Lorestan 0.18 1.00 E+
Mazandaran 0.03 0.14 E
Markazi 0.41 1.00 E+
Hamedan 0.17 0.58 E
Yazd 0.55 1.00 E+
Kordestan 0.29 1.00 E+
Kerman 0.04 0.10 E
Kermanshah 0.41 0.80 E
Fig. 3 – Average conformity for DMU assuming uniform distribu
conservatism (gamma values).Table 5 shows that, when there is no protection for the
technical and scale efficiency models (gammas = 0), the effi-
ciencies of the DMUs are similar to the upper efficiency
reported by Despotis and Smirlis [37]. When there is more
protection for the technical and scale efficiency model
(gamma = 7), the efficiencies from the RDEA approach are
similar to the lower efficiencies reported by Despotis and
Smirlis [37]. Using RDEA, a decision maker can study the
rankings of the DMUs for each gamma and determine which
DMUs are sensitive to changes in the data. The IDEA method
only uses the lower efficiency and higher efficiency scores.
Fig. 3 shows that the average conformity between DMU
rankings using original uncertain data and the 1000 simulationment analysis of 23 potato-producing provinces in Iran.
ification Lower bound of
scale
efficiency
Upper bound of
scale
efficiency
Classification
0.13 0.25 E
0.43 1.00 E+
0.45 1.00 E+
0.24 1.00 E+
0.33 1.00 E+
0.61 1.00 E+
0.42 1.00 E+
0.39 0.90 E
0.32 1.00 E+
0.56 1.00 E+
0.34 1.00 E+
0.38 0.47 E
0.22 0.29 E
0.55 1.00 E+
0.59 1.00 E+
0.58 1.00 E+
0.30 0.43 E
0.65 1.00 E+
0.30 0.63 E
0.88 1.00 E+
0.37 1.00 E+
0.43 0.52 E
0.82 1.00 E+
tions for uncertain input costs and output return by level of
I n f o r m a t i o n P r o c e s s i n g i n A g r i c u l t u r e 2 ( 2 0 1 5 ) 6 –1 4 13runs assume a uniform distribution for the uncertain data for
technical and scale efficiency and different levels of conserva-
tism.Thefigure shows theefficienciesof theDMUs for theopti-
mistic case (Cxy3 ¼ 0), for maximum conformity (Cxy3 ¼ 4:5) and
for an pessimistic case (Cxy3 ¼ 7). The figure shows the average
conformity for each case (CCR, BBC, and level of conserva-
tism). The average conformity for Cxy3 ¼ 4:5 is more than twice
that for the optimistic and pessimistic values. The average
ranking conformity in this figure indicates that maximum
conformity occurs where Cxy3 is 4.5 and maximum average
conformity is 71% for the BCC, 18% for the optimistic and
19% for the pessimistic approaches. Shokouhi et al. [29]
reported an average conformity of 24% for the optimistic
and 32% for the pessimistic approaches for a simple example
with five DMUs, two inputs, and two outputs.5. Conclusion
Many parametric and non-parametric methods exist for mea-
suring the efficiency of agricultural production. The data
envelopment analysis (DEA) technique is a non-parametric
linear programming based technique for frontier estimation.
Traditional DEA models do not deal with imprecise data and
assume that all input and output data are exactly known.
The present study used and compared the interval DEA and
robust DEA approaches with interval data to determine the
efficiency of 23 potato-producing provinces of Iran.
The problem was solved for a range of levels of conserva-
tism using the GAMS software. The average technical and
scale efficiency of 23 potato-producing provinces in Iran (0.9
and 0.97, respectively) was far from optimal according to
the original DEA. Inefficient provinces can use new irrigation
technologies and promote targeted application of fertilizers,
pesticides, and machinery to increase the efficiency of potato
production. It was found that both average technical and
scale efficiency decreased as the level of conservatism
increased. This can help to managers of provinces determine
which DMU is sensitive to changes in the data.
The solutions were analyzed using Monte Carlo simulation
and the conformity of the rankings resulting from the math-
ematical model and reality were computed. It was shown that
maximum conformity may not occur in the optimistic and
pessimistic cases, and that the analyst can search for maxi-
mum conformity in the rankings by varying the level of
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